METHOD AIVD APPARATUS FOR DEPOSITION & FORMATION OF 

,i m 

METAL SILICroES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention generally relates to silicide formation and more particularly 
to an improved method and system that deposit metal and heats the silicon and metal without 
breaking vacuum. 

Description of the Related Art 

[0002] A silicide is often formed on silicon surfaces to decrease resistivity of the silicon. 
More specifically, a metal is deposited on the silicon surface and the structure is heated. This 
produces a silicide on the silicon surface. Conventional systems first form the metal and then 
move the structure to a heating tool to perform the heating process. However, this allows 
ambient materials, such as oxygen, to have a detrimental effect upon the metal that is used in the 
silicide process. Therefore, conventional systems often form a protective layer over the silicide 
metal. This protective layer must eventually be removed. 

[0003] The invention described below eliminates the need for this protective layer (and 
its removal) by forming the metal and heating the structure without breaking vacuimi. Therefore, 
with the invention described below, oxygen and other ambients are prevented fi-om affecting the 
metal used in the silicide process. 
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SUMMARY OF THE INVENl ION • 
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[0004] The invention provides methods and structures for forming a silicide on a silicon 
material. The invention places the silicon material in a vacuum environment, forms metal on the 
silicon material, and then heats the silicon surface and the metal without breaking the vacuum 
environment. The processes of forming the metal and heating the silicon can be performed 
simultaneously without breaking the vacuiun environment to form the silicide as the metal is 
being deposited. After the foregoing processing, the invention can remove the silicon surface 
from the vacuum environment and perform additional heating of the silicon surface. The first 
heating process forms a monosilicide and the additional heating forms a disilicide. More 
specifically, the first heating process is performed at temperatures between 300^C and 400 °C to 
form a metal rich silicide or between temperatures of 450 and 550 °C to form a monosilicide, 
and the additional heating is performed at temperatures above 600 °C to form a disilicide. The 
metal can comprise Cobalt, Nickel, etc. 

[0005] To perform the foregoing processing, the invention provides a system that 
includes a vacuum chamber adapted to hold the siUcon material under a vacuum environment. A 
metal formation tool is connected to the vacuum chamber and is adapted to form metal on the 
silicon material while the silicon material is under the vacuum environment within the vacuum 
chamber. Additionally, a heating tool is connected to the vacuum chamber and adapted to heat 
the silicon while the silicon material is under the vacuum environment within the vacuum 
chamber. 

[0006] In one embodiment, the heating tool heats the silicon simultaneously while the 
metal formation tool deposits the metal on the silicon material, so that a silicide material is 
formed as the metal is deposited on the silicon material. In this embodiment, the heating tool 
comprises a heated chuck having, for example, a resistive heater. 

[0007] The system can also include an etch tool (e.g., wet etch, etc.) extemal to the 
vacuum chamber that performs wet etching of the unreacted metal after the silicon material is 
removed from the vacuxmi chamber. The system can further include a second heating tool 
(possibly extemal to the vacuum chamber) that is adapted to heat the silicon material after the 
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silicon material is removed from the vacuum chamber and after it undergoes the etching process. 
This second heating tool is adapted to heat the silicon material to temperatures above 600 °C to 
form a disilicide. 

[0008] The vacuum chamber can comprise a plurality of connected vacuimi chambers 
adapted to maintain the silicon material in a continuous vacuum environment while the metal 
formation tool forms the metal and while the heating tool heats the silicon material. Thus, for 
example, the vacuum chambers can comprise a first vacuum chamber to which the metal 
formation tool is attached, a second vacuum chamber to which the heating tool is attached, and a 
third vacuum chamber adapted to maintain the vacuum environment while transporting the 
silicon material from the first vacuum tool to the second vacuum tool. 

[0009] These, and other, aspects and objects of the present invention will be better 
appreciated and understood when considered in conjunction with the following description and 
the accompanying drawings. It should be understood, however, that the following description, 
while indicating preferred embodiments of the present invention and numerous specific details 
thereof, is given by way of illustration and not of limitation. Many changes and modifications 
may be made within the scope of the present invention without departing from the spirit thereof, 
and the invention includes all such modifications. 

BRIEF DESCMPTION OF THE DRAWINGS 

[0010] The invention will be better understood from the following detailed description 
with reference to the drawings, in which: 

[0011] Figure 1 is a flow diagram illustrating a preferred method of the invention; 
[0012] Figure 2 is a schematic diagram of a system according to the invention; 
[0013] Figure 3 is a flow diagram illustrating a preferred method of the invention; and 
[0014] Figure 4 is a schematic diagram of a system according to the invention. 
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DETAILED DESCMPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0015] The present invention and the various features and advantageous details thereof 
are explained more fully with reference to the non-limiting embodiments that are illustrated in 
the accompanying drawings and detailed in the following description. It should be noted that the 
features illustrated in the drawings are not necessarily drawn to scale. Descriptions of well- 
known components and processing techniques are omitted so as to not unnecessarily obscure the 
present invention in detail. 

[0016] As shown in the flowchart in Figure 1 , the invention provides a method for 
forming a silicide on a silicon material. More specifically, in item 100, the invention places the 
silicon material in a vacuum environment. Then, in item 102, the invention forms (e.g., deposits) 
metal on the silicon material without breaking vacuum. Next, in item 104, the invention heats 
the silicon surface and the metal without breaking the vacuum environment. 

[0017] After the foregoing processing, the invention removes the silicon surface from the 
vacuum environment (106) and performs a an etching process 108 (e.g., wet etching, etc.) to 
clean off unreacted metal and an additional heating process 110. The first heating process 104 
forms a monosilicide or metal rich silicide and the additional heating forms a disilicide. More 
specifically, the first heating process is performed at temperatures between 300°C and 400 °C to 
form a metal rich silicide or between temperatures of 450 °C and 550 °C to form a monosilicide, 
and the additional heating 1 10 is performed at temperatures above 600 to form a disilicide. 
The metal can comprise Cobalt, Nickel, etc. 

[0018] The inventive system shown in Figure 2 includes a vacuum chamber system 200 
adapted to hold the silicon material 210 under a vacuum environment, using, for example chucks 
216, 218. The vacuxmi chamber system 200 can include a plurality of connected vacuum 
chambers 202-204 adapted to maintain the silicon material 210 in a continuous vacuum 
environment while the metal formation tool forms the metal 212 and while the heating tool heats 
the silicon material 210 and the metal 212 to form a silicide 214. The vacuum system 200 is 
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operated under a vacuum or with 'an inert gas, so the substrate^ is not exposed to harmfiil ambients 
(e.g., air or O2). 

[0019] Thus, for example, the vacuum chambers can comprise a first vacuum chamber 
202 containing the metal formation tool 206, a second vacuum chamber 204 containmg the 
heating tool 208, and a third vacuum chamber 203 adapted to maintain the vacuum environment 
while transporting the silicon material 210 from the first vacuum tool to the second vacuum tool. 
This vacuum chamber system 200 is merely exemplary and one ordinarily skilled in the art 
wovild understand that any number of different vacuum system could be used to maintain the 
silicon material 210 in a continuous vacuum environment while the metal formation tool forms 
the metal 212 and while the heatmg tool heats the silicon material 210. 

[0020] Item 206 is an exemplary metal formation tool that is connected to (within) the 
vacuum chamber 202 and that is adapted to form metal 212 on the silicon material 210 while the 
silicon material 210 is under the vacuum environment within the vacuum chamber system 200. 
Item 208 illustrates the heating tool that is within the vacuum chamber 204 and that is adapted to 
heat the silicon while the silicon material 210 is under the vacuum environment within the 
vacuum chamber system 200. 

[0021] The inventive system also mcludes an etch tool 220 external to the vacuum 
chamber system 200 that performs (wet) etching 108 of the unreacted metal 214 after the silicon 
material 210 is removed fi-om the vacuum chamber system 200 (after vacuum is broken). A 
second heating tool 222, which can be internal or external to the vacuum chamber system 200, is 
adapted to heat the silicon material 210 after the etching process 108. This second heating tool is 
adapted to heat the silicon material to temperatures above 600 °C to form a disilicide. 

[00221 Thus, the present invention forms, for example. Cobalt, Nickel, etc. silicide on a 
silicon substrate. In item 102, the invention deposits tiie metal 212 on the silicon in a vacuum 
process chamber 200 at a low temperature (<300 "C). The metal 212 can be, for example, Co, 
Ni, or other. The metal 212 can be deposited as pure metal or a metal containing a small amount 
(e.g., 20%) of Si, or the metal may have an overlying or underiying layer of another metal (e.g., 
Ti, W, TiW) or metal nitride (e.g., TiN). 
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[0023] As shown above, the invention anneals the metkl 104 to form a metal silicide 214. 
The annealing chamber 202 is within the same vacuum system 200 as the metal deposition 
chamber(s) 204, so the wafer 210 is not exposed to the air between the metal deposition 104 and 
anneal 106. The anneal 106 may be at a low temperature (300-450''C) that forms metal rich 
silicide (e.g., Co2Si) or medium temperature (450-550°C) that forms monosilicide (CoSi). This 
process may be supplemented by the conventional known process of removing unreacted metal 
(and cap/underlayer, if used) from non-reactive portions (e.g., oxide) of a patterned substrate 
during the wet etching 108. The second annealing 1 10 is performed at a high temperature 
(>600^C) to form disilicide (e.g., CoSia). 

[0024] In another embodiment, shown in the flowchart in Figure 3, the processes of 
forming the metal and heating the silicon are performed simultaneously without breaking the 
vacuum environment to form the silicide as the metal is being deposited. More specifically, in 
item 300, the invention places the silicon material in a vacuum environment. Then, in item 302, 
the invention forms (e.g., deposits) metal on the silicon material without breaking vacuum and 
simultaneously heats the silicon surface 210 and the metal 212 without breaking the vacuum 
environment. The metal deposition and heating processes 302 are substantially similar to those 
discussed above 102, 104 and reference is made to that previous discussion for the details of this 
step. After the foregoing processing, the invention again removes the silicon surface from the 
vacuum environment (304) and performs a wet etching process 306 and an additional heating 
process 308. 

[0025] Thus, in this embodiment, the heating tool heats the silicon simultaneously while 
the metal formation tool deposits the metal 212 on the silicon material 210, so that a silicide 214 
material is formed as the metal 212 is deposited on the silicon material 210. As shown in Figure 
4, in this embodiment, the heating tool can comprise a heated chuck 402 having, for example, a 
resistive heater, within a vacuum chamber 400. Alternatively, any other heating system 208 
could be used with the vacuum chamber 400 to perform the simultaneous heating and metal 
deposition. 

[0026] As shown above, the invention provides a method and system that deposits metal 
and heats silicon in a vacuum to avoid having oxygen and other harmful ambients present when 
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siliciding. This eliminates the need to form protective barriers, thereby eliminating many 
processing steps. This reduces costs, decreases manufacturing processing time, and also 
increases yield as removing processes decreases the chance that a defective process may occxir. 

[0027] While the invention has been described in terms of preferred embodiments, those 
skilled in the art will recognize that the invention can be practiced with modification within the 
spirit and scope of the appended claims. 
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